We make a further study of CP asymmetries in the pure penguin-induced decay
Introduction
Observing CP violation in the B-meson system and confronting it with the predictions of the standard model is an important task in particle physics. The basic signal for CP violation is the partial rate difference between a B decay mode and its CP -conjugate process. On the basis of the Cabibbo-Kobayashi-Maskawa (CKM) picture, either B 0 −B 0 mixing [1] or the absorptive parts of QCD-loop-induced (penguin) amplitudes [2] can give rise to significant by CLEO Collaboration [3] . Accordingly studying CP violation in the pure strong penguininduced B decays becomes a necessary and realistic topic today.
In the literature [4] [5] [6] , CP asymmetries in some pure penguin channels have been calculated with the QCD-uncorrected effective Hamiltonian H pen eff (see Eq. (2)) and factorization approximation. For the processes occurring through b → d (or b → s), those results are approximately independent of the spin properties of final-state mesons. Hence a sum over the relevant modes has been proposed in order to reduce the total number of B events and to obtain a statistically significant signal of CP violation. In this paper, we shall use the two-loop renormalization-group-improved effective Hamiltonian H eff (see Eq.(4)) to make a further study of CP asymmetries in the following two handfuls of pure penguin transitions:
It is worth emphasizing that the above ten decay modes are flavor self-tagging processes, which should be favored for experimental reconstructions. In addition, there are no QCDloop-induced hairpin diagrams contributing to these transitions 3 and the electroweak penguin effects on them are negligible [8] . Thus application of the factorization approximation to these decays should lead to less uncertainty. Different from the naive results obtained with H pen eff , the magnitude of CP asymmetries in the transitions (I) and (II) are enhanced by the next-to-leading order QCD corrections from H eff . In each group the asymmetries become non-degenerate and are classified with their respective factorization coefficients, but they 3 In our sense, some of the QCD-loop-induced transitions such as B − u → K − φ are not the pure penguin decay modes. The reason is that they can also occur through the hairpin diagrams. For a detailed discussion, see Ref. [7] . still keep the same sign. Hence we propose a sum over the modes of each group to obtain an effective branching ratio and a weighted-mean signal of CP violation, which should be statistically significant for observation. The feasibility of measuring such weighted-mean CP asymmetries the uncertainties in evaluating them are briefly discussed.
Effective Hamiltonians and factorization approximation
To calculate decay amplitudes of the aforelisted pure penguin channels, we use the lowenergy effective Hamiltonians for ∆B = ±1 transitions and the well-known factorization approximation [9] . Neglecting influence of the renormalization group, one used to apply the one-loop penguin Hamiltonian [4] [5] [6] 
to phenomenological discussions. In H are the loop integral functions of the time-like penguin diagrams versus the virtual gluon momentum k 2 [2, 6] ; N c is the number of colors; and Q 3,...,6 represent the penguin operators.
Together with the current-current operators Q u,c 1,2 , Q 3,...,6 form an operator basis as follows:
Compared with H pen eff , the two-loop QCD-corrected Hamiltonian H eff is of the form [10]
Here the Wilson coefficient functions c 1,..., 6 , obtained by applying the renormalization-groupimproved perturbation theory, have included the next-to-leading order QCD corrections at the scale µ = m b . Note that c i depend on the renormalization scheme used for the fourquark operators Q i . This scheme dependence, however, can be cancelled by certain one-loop matrix elements of the decay mode in question. For a detailed description of the approach to obtain the renormalization-scheme independent transition amplitudes in two-body B decays, we refer the reader to the article of Fleischer [11] .
With the help of H eff , the amplitude of a two-body pure penguin-induced decay mode B − u → XY may be expressed as linear combinations of < XY |Q i |B − u > with weighting factors c i and v i . Following Ref. [11] , one can remove the renormalization-scheme dependence of c i in the physical transition amplitudes by taking one-loop penguin matrix elements of the operators Q u,c 2 into account (see Fig. 1 ). The renormalization-scheme independent amplitude of B − u → XY is finally obtained as [11, 12] < XY |H eff (∆B = −1)|B
wherec i (with i = 2, ..., 6) are the scheme independent Wilson coefficients including the nextto-leading order QCD corrections [10] , and M P and M ′ P are the hadronic matrix elements of penguin operators defined by
In contrast, the decay amplitude of B − u → XY calculated with H pen eff is of the form
The hadronic matrix elements M P and M ′ P are calculated using the naive factorization approximation [9] . Here we only consider contributions from the spectator-type diagrams as illustrated in Fig. 1 , while the OZI-forbidden transitions and (or) formfactor-suppressed annihilation topologies are neglected. Consequently M P and M ′ P are both dominated by a single term
and their factorized expressions are given as
In Eq. (9), the factorization coefficient ζ P is obtained by transforming the (V −A)(V +A) (or (S + P )(S − P )) currents of Q 5,6 into the (V − A)(V − A) ones. For each specific decay mode, ζ P depends upon the current masses of quarks as well as the angular momenta and parities of X and Y mesons. We list the expressions of ζ P in Table 1 for 
CP asymmetries
Now let us define the CP -violating partial decay rate asymmetry for B − u → f and its CP -conjugate counterpart B + u →f :
In the CKM mechanism with three families of quarks, every of the aforementioned pure 
where R f is a ratio of strong-interaction parts of the two amplitude components corresponding to v c and v u . When calculating A CP (f ) with H pen eff , we obtain [4-6]
This implies that CP asymmetries in the transitions (I) or (II) will have the same magnitude and the same sign. While applying H eff to the analysis, R f becomes
where
Clearly R ′ f includes the next-to-leading order QCD corrections and depends upon the factorization parameter ζ P . Since the values of This ensures that there should be little dilution effect on the CP asymmetries if one sums over the available final states f andf in the transitions (I) or (II). In this case, one can obtain an effective branching ratio like
where τ B is the lifetime of B − u meson. The corresponding CP asymmetry A CP is a weightedmean value of A CP (f ):
Although the value of A CP is impossible to deviate too much from the ones of A CP (f ), it is expected that the effective branching ratio B eff can become several times larger than a single B(f ). Thus the total number of B ± u events needed in measuring A CP will be remarkably reduced and could be accessible in the forthcoming B-meson factories. Note that the weighted-mean asymmetry depends upon hadronic matrix elements and is therefore difficult to be evaluated in a reliable way. In the long run, however, a great improvement of the present calculations will be possible to yield trustworthy results. and quote values of the relevant decay constants and formfactors from Ref. [13] .
IV Numerical results and discussion
Our numerical results of CP asymmetries A CP (f ) and branching ratios B(f ) are given in Fig. 2 and Tables 2 and 3 , respectively, as functions of k 2 . The following features can be observed:
(1) Compared with the previous result without the next-to-leading order QCD corrections, now CP asymmetries in the transitions (I) or (II) are enhanced to some extent and become non-degenerate for the 0 ± 0 ± , 0 ± 1 ± , and 1 ± 0 ± (or 1 ± 1 ± ) final states. As expected,
A CP (f ) keep the same sign even though their values may change significantly with k 2 .
(2) Among the transitions (I), the 0
CP asymmetry but the smallest branching ratio. In contrast, the 0 ± 0 ± -type channel B − u → K 0 K − has a relatively small CP asymmetry in spite of its largest branching ratio. So is the situation for the 0 ± 1 ± -and 0 ± 0 ± -type decay modes in the transitions (II). One can find that there exists no individual channel which has obvious advantages over the others of the group for measuring CP violation. For this reason, studying the weighted-mean CP asymmetries should be interesting in statistics.
(3) For either the transitions (I) or (II), the weighted-mean asymmetry A CP is almost of the same magnitude as each A CP (f ), but its corresponding effective branching ratio B eff is several times larger than the individual B(f ). For example, B eff /B( (3) It is seen that the CP asymmetries A CP (f ) are independent of hadronic matrix elements in the factorization approximation. However, the branching ratios B(f ) should be sensitive to the model applied to hadronic matrix elements. Although the weighted-mean asymmetries A CP are also affected by hadronic physics, the involved uncertainty should not be drastic in general. The reason is that both A CP (f ) and A CP are ratios of the partial decay rates. As an illustration, our numerical estimates of A CP and B eff could give one a feeling of ballpark numbers to be expected.
In conclusion, the pure penguin-induced B ± u decays are of great interest to uncover direct CP violation in the decay amplitude. A weighted-mean signal of CP asymmetries may be more easily observed in experiments, although to evaluate it with reliability remains difficult in theories. In order to test the strong-interaction penguin picture and direct CP violation mechanism at B-meson factories, a further study of the dynamics of nonleptonic exclusive B decays is urgent. ) is an effective branching ratio obtained by summing over these six pure penguin modes. Table 1 ( 
